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Remarks 

In view of the above amendments and the following remarks, reconsideration of 
the outstanding office action is respectfully requested. 

Claims 3, 5, and 9 have been amended. Descriptive support for the amendments 
to claims 3 and 5 is provided in original claim 5 as well as page 7, lines 5-15, page 8, lines 1-8, 
and the Examples {see Example 8 re: adenocarcinoma). New claims 14-18 have been added. 
Descriptive support for new claims 14-16 is provided in claim 3. Descriptive support for new 
claims 17 and 18 is found on page 8, lines 27-32 of the specification as well as original claims 8 
and 9. Therefore, no new matter has been introduced by these amendments. 

Claims 3-9 and 12-18 are currently pending, with claims 3-5, 7-9, and 12-18 
under examination, and claim 6 standing withdrawn. No excess claim fees are due with this 
submission. 

This submission is accompanied by a petition for extension of time, a request for 
continue examination, and a Declaration of Francois Ichas, Ph.D. Under 37 C.F.R. § 1.132 
("Ichas Declaration"). All fees associated with this submission should be charged to deposit 
account 14-1 138. Any overpayment or underpayment should be credited/charged to this same 
account. 

The rejection of claims 3, 4, and 7 under 35 U.S.C. § 102(a) as anticipated by 
Murdaca et al„ AIDS 16(2):304-5 (2002) ("Murdaca") is respectfully traversed. 

At page 3 of the office action, the U.S. Patent and Trademark Office ("PTO") 
asserts that Kaposi's sarcoma ("KS") is an epithelial tumor. While applicants disagree with this 
interpretation by the PTO because Kaposi's sarcoma is a mesenchymal tumor, to clarify the 
claim language applicants have amended claim 3 to recite "carcinoma" rather than "epithelial 
tumor." KS is not a carcinoma, nor is it a tumor of the nervous system, a form of leukemia, or a 
fibro- or osteo-sarcoma. Therefore, the claims do not read on the treatment of KS as taught in 
Murdaca. For this reason, the rejection of claims 3, 4, and 7 as anticipated by Murdaca is 
improper and should be withdrawn. 

The rejection of claims 8 and 9 under 35 U.S.C. § 103(a) for obviousness over 
Murdaca in view of U.S. Patent No. 6,235,733 to Bahal et al., ("Bahal") is respectfully traversed. 

The teachings and deficiencies of Murdaca are noted above. As noted above, 
Murdaca discloses only the treatment of a patient suffering from AIDS and the related KS tumor. 
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There is no mention of any other types of tumor. Bahal is cited at page 1 0 of the office action for 
teaching oral liquid formulations of efavirenz; however, the PTO has failed to demonstrate how 
Bahal overcomes the above-noted deficiencies of Murdaca. Therefore, the obviousness rejection 
of claims 8 and 9, which ultimately depend from claim 3, is improper and should be withdrawn. 

The rejection of claims 3, 4, and 7 under 35 U.S.C. § 103(a) for obviousness over 
Grimaudo el al.,Eur. J. Cancer 34:1756-1763 (1998) ("Grimaudo") is respectfully traversed for 
the reasons set forth in the accompanying Ichas Declaration. 

Grimaudo investigated the cytotoxicity of l-(2,6-difluorophenyl)- ]H,3H- 
thiazolo[3,4-a]benzimidazole ("TBZ"), a non-nucleoside reverse transcriptase inhibitor 
("NNRTI"), on human acute myeloid leukemic HL60 parental and drug resistant (HL60R) cell 
lines. Ichas Declaration at ]f 5. Grimaudo showed that TBZ exhibits cytotoxic activity in the 
both HL60 and HL60R cells lines at a concentration of 50 uM (IC50), a concentration that is 50- 
fold higher than the concentration of TBZ required to inhibit viral reverse transcriptase (RT) 
activity in several human primary cells and cell lines. Id. Since the cytotoxic effects of TBZ 
were observed at such a higher concentration than required to inhibit viral RT, it is highly 
unlikely that TBZ's cytotoxic activity in these cells is related to its viral RT inhibitory properties. 
Id. 

That TBZ's mechanism of cytotoxicity is unrelated to its RT inhibitory activity is 
further supported by Grimaudo's observation that TBZ caused a selective induction of apoptosis 
in the HL60 drug resistant cell line compared to the parental cell line. Ichas Declaration at f 6. 
While Grimaudo does not delineate TBZ's mechanism of cytotoxicity in the HL60 cell lines, 
based on TBZ's selective induction of apoptosis in the HL60R line, Grimaudo speculates a mode 
of action that involves bypassing drug resistance-related mechanisms such as the multidrug 
transporter or a differential interaction with topoisomerase II. Id. 

The authors of Grimaudo, in consideration of the unique results obtained with 
TBZ, suggest that future studies should explore the mechanism of its anti-tumor and pro- 
apoptotic action. Ichas Declaration at 7. Grimaudo further suggests using TBZ derivatives that 
are metabolized more slowly than TBZ, and therefore retain their activity. Id. There is no 
suggestion in Grimaudo that other NNRTIs would have the same anti-tumor effect in the HL60 
cells or other cancer cells. Id. Indeed, given the expectation that TBZ's effects were 
independent of its RT-inhibitory activity, Grimaudo's focus exclusively on TBZ derivatives 
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rather than on other NNRTTs is entirely reasonable. Id. Therefore, based on the data and 
conclusions of Grimaudo, one of skill in the art would have no reasonable expectation that 
NNRTIs, that are structurally unrelated to TBZ, such as nevirapine, efavirenz, delavirdine, and 
compounds in the class of 5,1 l-dihydro-6h-dipyrido[3,2-b:2',3'-e][l,4]diazepines, would exert 
similar cytotoxic effects in parental or drug-resistant cancer cell lines, simply based on their 
shared ability to inhibit viral RT. Id. None of the data presented by Grimaudo substantiates such 
a conclusion. Id. 

In a subsequent publication by Grimaudo et al., "Apoptotic Effects of 
Thiazolobenzimidazole Derivatives on Sensitive and Multidrug Resistant Leukaemic Cells," 
Eur. J. Cancer 37(l):122-30 (2001) (Grimaudo 2001), the results from the continued 
investigation of the cytotoxic activity of TBZ derivatives on the same cell lines (as described in 
Grimaudo) are presented, lchas Declaration at ^ 8. Grimaudo 2001 reports that these 
compounds exert their anti-tumor effects by activating the programmed cell death pathway. Id. 
Grimaudo 2001 concludes that this activity is, at least in part, caspase mediated, as shown by the 
ability of caspase inhibitors to reduce the percentage of apoptosis induced by one of the TBZ 
derivatives. Id. These findings, which were published well in advance of the filing date of the 
above referenced patent application, further support that one of skill in the art would have no 
reasonable expectation, based on the teachings of Grimaudo, that NNRTIs that are structurally 
unrelated to TBZ, such as nevirapine, efavirenz, delavirdine, and compounds in the class of 5,1 1- 
dihydro-6h-dipyrido[3,2-b:2',3'-e][l,4]diazepines, would exhibit anti-tumor effects similar to that 
of TBZ. Id. 

Moreover, one of skill in the art would not generalize the findings of Grimaudo, 
based on data obtained in one acute myeloid leukemic cell line, to solid tumors, such as 
carcinomas, tumours of the nervous system, and fibro- and osteo-sarcomas because of the 
fundamental differences in terms of the molecular mechanisms involved in the tumorigenic 
development of the two major categories of cancers. Ichas Declaration at f 9. Furthermore, an 
illustration is the fact that strategies used for the therapeutic treatments of these two types of 
cancers are not similar. Id. However, this is not to be construed as any admission by applicants 
that the presently claimed invention is not enabling for treatment of leukemia. Indeed, the 
examples demonstrate as much using four different leukemia cell lines {see page 7, lines 5-15). 
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For the reasons discussed above, applicants disagree with the PTO's position that 
one of skill in the art would have found it obvious, based on the teachings of Grimaudo, to 
counteract the loss of cellular differentiation and to treat cell proliferation in tumor pathologies 
by administering to a subject a compound in the class of 5,1 l-dihydro-6h-dipyrido[3,2-b:2',3'- 
e][l,4]diazepines, nevirapine, efavirenz, delavirdine, or corresponding salts thereof as taught by 
and claimed in the above referenced patent application. Accordingly, the rejection of 3, 4, and 7 
is improper and should be withdrawn. 

The rejection of claims 3, 4, 5, 12, and 13 under 35 U.S.C. § 103(a) for 
obviousness over Ghori et al, Colorectal Disease 2(2): 106-1 12 (2000) ("Ghori") is respectfully 
traversed for the reasons set forth in the accompanying Ichas Declaration. 

Ghori investigated telomerase inhibition using three nucleoside retroviral reverse 
transcriptase inhibitors ("NRTI") (i.e., not NNRTIs) as a therapeutic strategy for the treatment of 
colorectal cancer. Ichas Declaration at ^ 11. Despite Ghori's demonstration that the three tested 
NRTIs, i.e., azidothymidine (AZT), dideoxythymidine (ddT), and dideoxyguanidine (ddG), 
inhibited telomerase activity and slowed proliferation in the tumor cell line HT29, there are a 
number of reasons why one of skill in the art would not have expected other NRTIs or NNRTIs 
to be useful for inhibiting telomerase activity and treating cell proliferation in tumor pathologies. 
Id. 

Firstly, other studies investigating the potential use of NRTIs to inhibit telomerase 
and treat cancer have reported inconsistent results (reviewed by White et al., "Telomerase 
Inhibitors," Trends in Biotech. 1 9(3): 1 14-120 (2001) ("White"). Ichas Declaration at If 12. For 
example, Strahl and Blackburn, "Effects of Reverse Transcriptase Inhibitors on Telomere Length 
and Telomerase Activity in Two Immortalized Human Cells Lines," Mol, Cell. Biol. 16(10):53- 
65 (1996) ("Strahl") examined telomerase inhibition, telomere shortening, and cell growth rates 
in cell lines derived from B-cell lymphoma and human T-cell leukemia using the nucleoside 
analogs AZT, arabinofuranyl-guanosine (Ara-G), ddG, deoxyinosine (ddl), deoxyadenosine 
(ddA), didehydrothymidin (d4T), and the non-nucleoside RT inhibitor phosphonoformic acid 
(foscarnet). Id. Strahl reports that while ddG caused reproducible and progressive telomere 
shortening and telomerase inhibition, no effect on the cell population doubling rates or 
morphology were observed. Id. AZT caused progressive telomere shortening in some but not all 
T- and B-cell cultures, and prolonged passaging in Ara-G, ddl, ddA, d4t, or foscarnet did not 
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cause reproducible telomere shortening or decreased cell growth rates of viability. Id. Similar to 
the results of Strahl, Murakami et al., "Inhibition of Telomerase Activity and Cell Proliferation 
by a Reverse Transcriptase Inhibitor in Gynaecological Cancer Cell Lines," Eur. J. Cancer 
35(6): 1027-34 (1999) ("Murakami") reported the inhibition of telomerase activity and/or 
telomere length by AZT-5' triphosphate and ddl in the HEC-1 human endometrial 
adenocarcinoma cell line, but not the MCAS human ovarian cancer cell line. Id. In 
summarizing these divergent results, White concludes: 

[I]t is unlikely that these analogs are functioning through a 
selective inhibition of telomerase because their reduced 
proliferation is occurring in the setting of sufficiently long 
telomeres. A plausible explanation might be that the RTIs 
have a toxic effect on the cells, perhaps by inhibiting 
mitochondrial DNA replication leading to the observed 
reduction in telomerase activity, which is dose-dependent. 

Id. In view of White, Strahl, and Murakami, one of skill in the art would not have had a 
reasonable expectation that NRTIs other than those disclosed in Ghori, and certainly not NNRTIs 
would be useful for inhibiting telomerase activity and slowing proliferation of tumor cells. Id. 

Secondly, while there is at least a priori some rationale for testing NRTI mediated 
inhibition of telomerase based on their common mechanism of action, this rationale does not 
apply to NNRTIs which are structurally distinct and have a distinct mechanism of action. Ichas 
Declaration at f 13. These differences are discussed more fully below. Id. 

NRTIs are known to inhibit RT activity by the common mechanism of DNA 
chain termination. Ichas Declaration at U 14. Indeed, any RT will incorporate the NRTI 
analogues into newly synthesized DNA, and once incorporated, viral DNA synthesis is halted. 
Id. Since all nucleoside analogues should bind to the catalytic domain of any RT, it might thus 
be expected a priori that a NRTI should have inhibitory activity on almost any RT. Id. In fact, 
NRTIs, such as zidovudine and lamivudine, in their 5'-triphosphate forms, exert a broad 
spectrum of antiviral RT activity, including, for example, inhibition of both HIV-2 and HIV-1 
RTs. Id. 

In contrast to nucleoside analogs, NNRTIs act by a completely different mode of 
action that involves direct binding in a reversible and non-competitive manner to a hydrophobic 
pocket close to the polymerase catalytic site, in the p66 subunit of RT. Ichas Declaration at ^ 15. 
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Because the NNRTIs nevirapine, delavirdine, and efavirenze mediate inhibition of HIV-RT by 
interacting with this specific binding site on the RT enzyme, any slight variation brought about 
by a single point mutation can have a significant impact on inhibition. Id. Accordingly, other 
retroviral RT enzymes and some mammalian RT enzyme systems that lack this site are 
unaffected by these NNRTIs. Id. 

In view of the distinct mechanisms of action of NRTIs and NNRTIs, and the 
specific mechanism of NNRTI mediated RT inhibition (i.e., direct binding to a hydrophobic 
pocket in the p66 subunit of RT), one of skill in the art would have had no reasonable 
expectation, based on the teachings of Ghori, that NNRTIs are generally effective inhibitors of 
any RT, particularly the reverse transcriptase catalytic subunit of human telomerase. Ichas 
Declaration at If 16. In fact, the general knowledge would have suggested that NNRTIs would be 
largely ineffective against RTs other than HIV-1 RT. Id. Therefore, persons of skill in the art 
would have lacked any expectation, based on Ghori, that NNRTIs, such as nevirapine, efavirenz, 
delavirdine, and compounds in the class of 5,1 l-dihydro-6h-dipyrido[3,2-b:2',3'- 
e][l,4]diazepines, would be useful for treating cell proliferation in tumor pathologies. Id. 

Thirdly, Damm et al., "A Highly Selective Telomerase Inhibitor Limiting Human 
Cancer Cell Proliferation," EMBOJ. 20(24):6958-68 (2001) ("Damm"), which identifies a class 
of small molecules exhibiting selective inhibition of telomerase activity without RT inhibition 
(see Figure 1C), clearly demonstrates that telomerase is distinct from other DNA and RNA 
polymerases, including HIV RT. Ichas Declaration at f 17. Thus, a compound with known 
specific inhibitory activity for telomerase cannot be expected to inhibit RTs generally. Id. 

Finally, inhibition of telomerase activity is known to induce senescence and cell 
death after a long lag period required for the attrition of telomeres. Ichas Declaration at \ 1 8. In 
contrast, the above referenced application demonstrates NNRTI-mediated differentiation of 
tumor cells which cannot be attributed to the inhibition of telomerase activity, because the 
differentiation appears too rapidly to be linked to telomerase inhibition (see e.g.. Example 4 and 
Figure 4 showing nevirapine induced differentiation of myoblasts C2C7 after 90 hours, Example 
4 and Figure 5, showing nevirapine induced differentiation of teratocarcinoma F9 cells after 72 
hours, and Example 5, Figure 6, showing nevirapine induced differentiation of AML cells after 5 
days). Id. This rapid induction of cell differentiation following NNRTI exposure clearly 
suggests such differentiation is mediated by a mechanism other than telomerase inhibition. Id. 
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For the reasons set forth above, one of skill in the art would not conclude, based 
on Ghori's demonstration that certain NRTIs inhibit telomerase activity and slow cellular 
proliferation, that NNRTIs, a structurally distinct class of compounds with a distinct mechanism 
of action, would likewise exert similar effects and be useful for counteracting the loss of cellular 
differentiation and treating cell proliferation in tumor pathologies. Ichas Declaration at ^] 19. 

Consistent with the results in the present application and the conclusion by Dr. 
Ichas, three subsequent publications by one of the inventors confirm that telomerase inhibition is 
not implicated with the NNRTI recited in the presently claimed invention. These publications 
are: Sciamanna et al., "Inhibition of Endogenous Reverse Transcriptase Antagonizes Human 
Tumor Growth/' Oncogene 24:3923-3931 (2005) ("Sciamanna") (attached as Exhibit B to 
response filed October 22, 2009); Pittoggi et al., "/« Vitro Evidence for a New Therapeutic 
Approach in Renal Cell Carcinoma," Internal '/ Braz. J. Urol. 34(4):492-502 (2008) ("Pittoggi") 
(copy attached as Exhibit A); and Landriscina et al., "Reverse Transcriptase Inhibitors Down- 
Regulate Cell Proliferation in Vitro and in Vivo and Restore Thyrotropin Signaling and Iodine 
Uptake in Human Thyroid Anaplastic Carcinoma," J. Clin. Endocrinol. Metab. 90(10):5663- 
5671 (2005) (copy attached as Exhibit B). Each of these publications demonstrates the rapid 
response induced by NNRTI. Both Sciammana (at p. 3928, right col., first full para.) and 
Pittoggi (at page 499, right col., first para.) clearly assert that the observed effects cannot be 
attributed to telomerase inhibition. 

Accordingly, applicants submit that a person of ordinary skill in the art would not 
have considered the subject matter of claims 3, 4, 5, 12, and 13 obvious over Ghori. Therefore, 
this rejection should be withdrawn. 

In view of the foregoing, it is submitted that this case is in condition for allowance 
and such allowance is earnestly solicited. 

Respectfully submitted, 

Date: August 19,2010 /Edwin V. Merkel/ 

Edwin V. Merkel 
Registration No. 40,087 

NIXON PEABODY LLP 
1100 Clinton Square 
Rochester, New York 1 4604- 1 792 
Telephone: (585) 263-1128 
Facsimile: (585)263-1600 
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ABSTRACT 

Purpose: Renal cell carcinoma (RCC) is the most lethal among the common urologic malignancies, comprising 3% of 
all human neoplasias; approximately 40% of patients eventually die of cancer progression. One third of patients who 
present with metastatic disease and up to 40% treated for localized disease generally experience recurrence. RCCs are 
characterized by high resistance to chemo-, radio- and immunotherapy. We recently discovered an endogenous enzymatic 
activity, which is particularly expressed in tumorigenic cell, endogenous non-telomerase reverse transcriptase (RT) of 
retrotrasposon / retroviral origin, as a specific target to induce proliferation arrest in a number of human carcinogenesis 
in vitro culture cell lines. 

Methods: To address this possibility, we have employed RCC primary cell culture testing pharmacological inhibition, in 
vitro, by two characterized non nuclcosidic RT inhibitors, nevirapinc and efavirenz; next, we assessed morphological ef- 
fects and analyzed putative modulation on gene expression profile. 

Results: Both treatments reduced cell proliferation rate and induced morphological differentiation and gene expression 
reprogramming in different RCC analyzed tumor biomarkers. 

Conclusion: In this study we describe a new potential therapeutic approach to obtain considerable future benefits in renal 
carcinoma cure and attempt to establish a new possible pharmacological therapy based on oral drugs administration in 
renal RCC treatment. 

Key words: renal cell carcinoma; reverse transcriptase; gene expression; therapy 
Ini Braz J Urol. 2008; 34: 492-502 



INTRODUCTION 

Renal cell carcinomas (RCCs) are the most 
frequent tumors of the kidney. They comprise 3% of 
all human neoplastic diseases and are increasing in 
incidence. The etiology of RCC remains unknown 
and although the majority of renal tumors develop 
as sporadic forms, rare familiar forms and distinct 
genetic abnormalities have been observed. In par- 
ticular, it seems that clear cell carcinoma originates 



from the proximal tubular epithelium in the renal 
cortex. Molecular analysis of this solid tumor is 
furthermore complicated by the mixture of tumor 
cells and normal cells, composed of leukocytes and 
connective tissue cells. To overcome this problem 
the tumor cells may be adapted to grow in vitro, as 
primary cell cultures, in order to obtain a more ho- 
mogenous cellular material to study the biochemical 
and molecular changes associated with neoplastic 
status. 



492 



New Therapeutic Approach in RCC 



RCCs can be classified into clear cell, papil- 
lary and chromophobe carcinomas based on their 
histological appearance. 

In these tumors, a crucial role for prevention 
should include accurate prognosis and systematic 
investigation of gene expression and/or proteomic 
profile to identify protein changes caused by disease 
processes (1). The most frequent type of renal cancer 
is the clear cell variant, accounting for 80-85% of 
adult renal neoplasms. 

RCCs are characterized by high resistance to 
chemo-, radio- and immunotherapy. Recently, new 
approaches, based on anti-angiogenic drugs, have 
emerged as potential therapies in the treatment of 
metastatic renal cell carcinoma (mRCC). Tyrosine 
kinase receptors (RTKs) are transmembrane proteins 
involved in signal transduction. Overexpression 
and/or the structural alteration of different RTKs 
classes are generally associated with cancer and 
their abnormal activation often generates cancer 
growth, angiogenesis and metastatization. Sunitinib 
malate is a molecule able to link intracellular tyrosine 
kinase domain of RTKs, which have an anticancer 
and antiangiogenetic activity. Sunitinib targets selec- 
tively vascular endothelial growth factor, KIT, Flt3 
and platelet-derived growth factor receptors and the 
receptor encoded by the ret proto-oncogene. This 
drug is currently used in the treatment of gastro- 
intestinal stromal tumors resistant to imatinib and 
mRCC (2). Sorafenib (Nexavar, BAY43-9006) is 
a new small-molecule, oral, multi-kinase inhibitor 
for the treatment of patients with advanced RCC. 
The response rate to sorafenib is partial (10%). In 
sorafenib treated patients there was a significant 
prolongation of progression-free survival. Overall 
survival results are still preliminary. The princi- 
pal toxicities in the sorafenib patients included 
reversible skin rashes in 40% and. hand-foot skin 
reaction in 30% (3). Another compound recently 
used in mRCC cancer therapy is temsirolimus, a 
specific inhibitor for the mammalian target of 
rapamycin kinase. Interferon alpha is widely used 
for mRCC but has limited efficacy and tolerability. 
As compared with interferon alpha, temsirolimus 
has been shown to improve overall survival among 
patients with metastatic renal-cell carcinoma and 
a poor prognosis (4). 



This prompted us to evaluate the possibility 
of applying our findings for a therapeutic application 
in combination with kinase inhibitors recently used 
in mRCC, as a new class of biological agents , which 
have begun to break the resistance barrier (5). 

Cancer progression and development have 
been accompanied by profound changes at cellular 
and molecular level, involving RNA, DNA and pro- 
tein function and structure. 

Recently, we have defined an endogenous ac- 
tivity, reverse transcriptase (RT), which is particularly 
expressed in tumor tissues as compared to normal 
tissues. In vitro cell culture treatment with specific 
inhibitors of the endogenous RT activity (6) has led 
to cell cycle arrest and induced morphological dif- 
ferentiation and gene expression rcprogramming. 

In this study, we used a human renal carci- 
noma derived primary cell culture to assess the cell 
cycle progression in vitro demonstrating that RT non 
nucleosidic inhibitors (nevirapine and efavirenz) in- 
duce cell cycle arrest in RCCs, morphological changes 
and gene markers modulation. 

Our results demonstrate the treatment efficacy 
of these new drugs as potential therapy for in vitro 
RCC culture. 

MATERIALS AND METHODS 

Tissue Samples 

Samples from 3 patients with clear RCC, con- 
taining control non tumoral ("normal") and tumor tis- 
sue were obtained from fresh nephrectomy specimens. 
After surgical resection the samples were immediately 
snap frozen in liquid nitrogen and stored at -80°C at 
the Department of Urology of the San Camillo De 
Lellis Hospital in Rieti, Italy. Paraffin sections from 
each specimen were reviewed by a pathologist and 
classified histologically according to UICC-TNM. 

Primary Tissue RCC Cultures and Derived 
Cell Line 

Autologous tumor and cortex renal tissue 
specimens were collected, after surgery, in cold 
DMHM medium containing 1% penicillin/strepto- 
mycin, 1% amphotericin, 0.5% glutamine, 20% fetal 
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calf serum (FCS) and kept at 4°C until processing 
(within 18 h). Tissues , normal and neoplastic, were 
vigorously washed 4-5 times vortex ing in phosphate- 
buffered saline (PBS) pH 7.2 at 37°C and minced in 
I -mm 3 fragments, in a Petri dish containing PBS, and 
vigorously re-washed vortexing with PBS at 37°C. 
The small fragments were left for 1 h in a dish in 
the presence of medium at 37°C and then 10 pieces 
were definitively plated in a new 1 0 cm Petri dish and 
covered by DMEM. Four Petri dishes were routinely 
prepared for each autologous tissue and incubated at 
37°C in 5% CO,. The first medium change was per- 
formed after 5 days, when the tissue fragments were 
removed. Cultures were fed twice weekly and passed 
in new dishes when 90% confluent after trypsinization 
and 1 :2 split. Aliquots of cells were cryopreserved 
in 90% FCS/ 10% dimethyl sulfoxide and stored in 
liquid nitrogen after 1-2 passages. All experiments 
were conducted on the third passage. Primary RCC 
cell line obtained was well identified as T1 NO MO 
stage, II 0 grade, according to standard nomenclature 
defined by Fuhrman. 

Cell Cultures 

Human RCC primary culture cells were 
seeded in six -well plates at a density of 10 4 to 5 x 
10 4 cells/well and cultured in RPMI 1640 medium 
with 10% fetal bovine serum. Nevirapine and efe- 
virenz were purified from commercially available 
Viramune® (Boehringer-Ingelheim) and Sustiva® 
(Bristol-Myers Squibb) as described (7). The drugs 
were made 350 and 15 uM (final concentration) in 
dimethyl sulfoxide (DMSO, Sigma Aldrich), respec- 
tively, and added to cells 5 h after seeding, the same 
DMSO volume (0.2% final concentration) was added 
to controls. Every 48 h fresh RT inhibitors-containing 
medium was changed. Cells were harvested every 96 
h, counted in a Burker's chamber and replated at the 
same density. 

RNA Extraction and Semi-quantitative RT- 
PCR 

Total RNA was extracted from RCC primary 
cell culture ( 1 0 x 1 0 6 cell) treated with nevirapine and 
efavirenz and untreated (CTR); the RNAcasy mini 



kit (Qiagen, Germany) was used. Trace amounts 
of contaminant chromosomal DNA was eliminated 
by incubation with Rnase-free Dnase I (Invitrogen, 
Carlsbad, CA ), 1 U/u.g of total RNA, for 1 5 min at 
room temperature; 200 ng of each RNA sample was 
used in aoligo(dT) cDN A synthesis, performed using 
the T hermoscripl RT-PCR system (Invitrogen, USA). 
2 uL for each cDNA sample were PCR amplified us- 
ing the Platinum Taq DNA Polymerase 1 (Invitrogen, 
USA), in a 50 \iL reaction mixture containing 30 
pmoL of specific oligonucleotides (MWGBiotech, 
Ebersberg, Germany) in an initial 2-min step at 94°C, 
followed by cycles of 30 s at 94°C, 30 s at 58-62°C, 
1 min at 72°C. Each oligo pair was used in sequential 
amplification series with increasing numbers (30-40) 
of cycles. PCR products were fractioned through 
1 .4% agarose gels and visualized with UV transil- 
luminator light. 

Set of primers used for standard PCR arc 
designed forward (fwd) and reverse (rev). Oligo- 
nucleotide sequences and expected product sizes are 
listed below: 

NNMT (NM 006169); PCR product size: 188 bp 
NNMT fwd 5'-tcaagcaggtgctgaagtgt-3' 
NNMT rev 5'-atccatgatcaccaggaagc-3' 
NNMT int 5'-agcacactgtgtctggalgc-3' 

AFP (NM 001 134); PCR product size: 1 1 3 bp 
AFP fwd 5 ? -agcttggtggtggatgaaac-3' 
AFP rev 5'-tcttgcttcatcgtttgcag-3' 
AFP int 5'-tccctcctgcattctctgat-3' 

CD70 (EF 064709); PCR product size: 1 10 bp 
CD70 fwd 5'-aatcacacaggacctcagcaggacc-3' 
CD70 rev 5 '-ageagatggccagcgtcacc-3 ' 
CD70 int 5 '-agcegtagtaatggaatccca-3 ' 

FRA2 (X 16706); PCR product size: 125 bp 
FRA2 fwd 5'-ccctgcacacccccatcgtg-3' 
FRA2 rev 5'-tgattggtccccgctgctactgctt-3' 
FRA2 int S'-tccttagataatgcatccagtaa-S 1 

p 27 KTP1 (NM 004064); PCR product size: 1 84 bp 
p 27 fwd 5'-gccctccccagtctctctta-3' 
p 27 rev 5'-acagcccgaagtgaaaagaa-3' 
p 27 int 5'-caggtagtttggggcaaaaa-3' 
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GAPDH (NM 002046); PCR product size: 650 bp 
Gapdh fwd 5 ' - ATTC A A C GGCAC AGTC AAGG-3 ' 
Gapdh rev 5'-AAGGTGGAAGAGTGGGAGTT-3' 
Gapdh int 5'-GGGAAGCCCATCACCATCT-3\ 

Internal oligonucleotides were used as probe 
to hybridize PCR DNA transferred to Mybond N+ 
nylon filters. After washing, filters were exposed to 
FUJI XR-E 30 films for the requested time. 

Tumor Markers Gene Expression Profile 

The induction of morphological differen- 
tiation suggests that critical regulatory genes are 
modulated in response to the RT inhibitory treatment. 
This was investigated in semi-quantitative RT-PCR 
analysis of cultures treated with DMSO alone, or ne- 
virapine or efavirenz for three cycles. In RCC derived 
primary cell culture, we focused on a set of five genes: 
the CD70 gene, a new diagnostic biomarker, known 
as a member of the tumor necrosis factor (ligand) 
superfamily (8); the FRA 2 gene, Fos Related Antigen 
2, associated also with apoptosis and regulator of cell 
proliferation, differentiation and transformation (9); 
the NNMT gene; the AFP gene; p27KIPl gene. 

RT-PCR results, in Figure-1, indicate that 
the CD70 gene and the FRA 2 gene were markedly 
down - regulated, in contrast with not treated tumor 
cells where expression levels for the same genes were 
considerably higher; whereas, the AFP gene, which 
encodes for a major plasma protein, which expression 
in adults is often associated with hepatoma and tera- 
toma (10), and is thought to be the fetal counterpart 
of serum albumin, in RT-inhibited RCC, results in a 
down regulation of its mRNA expression level. In 
contrast, the NNMT gene, encoding for a cytokine 
that belongs to the tumor necrosis factor ligand 
family, involved in T cell antigen-presenting cell 
interactions, and along with CD70 shown to provide 
CD28-independent costimulatory signals (11), results 
in mRNA expression levels similar to DMSO control 
expression. We extended mRNA expression to another 
possible tumor marker: p27 KIP I . This gene encodes 
a cyclin-depcndont kinase inhibitor, which shares a 
limited similarity with CDK inhibitor CDKN I A/p21. 
The encoded protein binds to and prevents the activa- 
tion of cychn E-CDK2 or cyclin D-CDK4 complexes 



and thus control the cell cycle progression at G 1 . The 
degradation of this protein is required for the cellular 
transition from quiescence to the proliferation state. 
Our results show a significant p27 over-expression 
in nevirapine and efavirenz treated cells, confirming 
that the p27 expression increase was correlated to a 
decreasing tumor stage (12), 

Thus, RT inhibitory drugs modulate the 
expression of critical genes implicated in the devel- 
opment of transformed cells, concomitantly with 
the induction of differentiation-like state relative to 
quiescence; also, this reprogramming is reversible and 
is abolished when RT-inhibition is released (data not 
shown). 

Preparation of Cell-Free RCC Lysates and RT 
Activity Assay 

Cell free RCC lysates were prepared by 
lysing control, nevirapine and efavirenz treated 
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RCC cell culture RNA extruded from c ells treated with DMSO 
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PCR, blotted and hybridized with internal oligonucleotides. 
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RCC cells grown till the third cycle (288 h) in 
vitro, using ice-cold lysis buffer (lOmM Tris- 
Hcl, pH=7.5; 1 mM MgCl 2 ; ImM EGTA; 0.1 mM 
PMSF; 5 mM P-mcrcaptoethanol; 0.5% CHAPS; 
10% glycerol). 

Cell lysates (5xl0 6 cells /1 00 uL of lysis 
buffer) were subjected to three freeze-and-thaw 
(liquid nitrogen/37°C) cycles, incubated for 30 min 
on ice and centrifuged for 30 min at 14,000 rpm 
at 4°C. The supernatant containing the RT activity 
was aliquoted, quickly frozen in dry ice and stored 
at -70°C. 

The protein concentration was determined 
by the standard Coomassie (Pierce Chemical Co., 
Chester, England). RT was tested in a PCR-based 
(PBRT) assay as previously described (3) with 
minor modifications. Briefly, PBRT reactions 
contained cells lysate aliquots corresponding to 6 
ug of protein, 10 ng of bacteriophage MS2 RKA 
(Roche Diagnostics, Hertfordshire, England), 50 
mM Tris acetate (pH 8.4), 75 mM K acetate, 40 
mM Mg acetate, 5 mM DTT, I mM of four nucleo- 
tide triphosphate mix, 2 U of Rnase OUT and 30 
pmoL of MS2 reverse primer (R) (see below for 
the sequence) in a final volume of 20 uL. Reac- 
tion mixture were incubated at 55°C for 1 hour 
followed by 5 min at 85°C. One microliter of E. 
Coli RNasell (2U/uL) was added to each sample 
and further incubated at 37°C for 20 min. Control 
reactions were set up by omitting cell lysate (nega- 
tive controls), or adding 1 uL of ThermoScript RT 
(Invitrogen, Karlsruhe, Germany) 15 U/'uL (posi- 
tive control). Two microliters from each reaction 
were mixed with 30 pmoL each of forward (F) 5'- 
TCCTGCTCAACTTCCTGTCGAG-3' and reverse 
(R) 5 '-CATAGGTCA A ACCTCCTAGG AATG-3 ' 
MS2 primers and PCR-amplified using Thermo- 
Script RT PCR kit (Invitrogen). PGR conditions 
were as follows: 95°C for 2 min; followed by 30 
cycles of 94°C for 30 sec, 58°C for 45 sec and 72°C 
for 1 min. The amplification product is a 112-bp 
DNA fragment spanning positions 21-132 at the 
5' end of the MS2 RNA(GeneBank J02467). PCR 
products were fractioned through 1 .5% agarose gel 
electrophoresis; Southern blotted filters were hy- 
bridized with end-labeled internal oligonucleotide, 
5 1 -TTAATGTCTTAGC G AG ACGC-3 ' . 



RESULTS 

In Vitro Treatment with RT Inhibitors 
Induces RCCs Proliferation Arrest 

The in vitro treatment with RT non-nucleosidic 
inhibitors induced cell growth arrest in several human 
cell line cultures (6) and caused, in vivo, a growth arrest 
in nude mice inoculated human tumor (13). In a previ- 
ous work, we reported that the RT inhibitor nevirapine, 
largely used in anti-Hl V therapy, blocks the enzymatic 
activity of endogenous RTs in non infected proliferat- 
ing cells, as revealed using a highly sensitive RT-PCR 
based in vitro assay (7), and, concomitantly, reduces the 
growth of human primary RCC cell culture (Tl NO M0 
stage, 11° grade) to prolonged exposure to RT inhibi- 
tors. Two well-defined RT inhibitors, nevirapine and 
efavirenz, were used. Primary culture cells were passed, 
counted and rcplatcd every 96 h with continuous drug 
re-addition (or DMSO alone in control cultures) for 
at least three 96 h-cycles. As shown in Figure-2, both 
inhibitors effectively reduced cell growth in primary 
cell culture, in nevirapine and efavirenz treated cells, 
comparing with control, with a stable effect during 
prolonged exposure. In Figure-2, we also show the 
relative rate of proliferation in nevirapine and efavirenz 
RCC primary culture relative to control culture (tumor 
derived primary RCC culture, not treated). During the 
first cycle, the inhibition relative to control remained 
at approximately 68% for nevirapine sample and 72% 
for efavirenz one (Figure-2). After the second and 
the third cycle, treated cells reduced the rate of their 
proliferation respectively to 3 1 % (nevirapine treated) 
and 33% (efavirenz treated); it is clear that RT inhibi- 
tors were responsible for a 60% growth inhibition 
compared to control. We also defined the relative 
counts regarding cell death obtaining values similar 
to control (Figure-2). 

RT Inhibitors Induce Differentiation in RCC 
Cells 

It was relevant to determine whether RT in- 
hibitors induced a differentiation-like state concomitant 
with reduced cell growth. We first examined RCC' cells, 
which acquire a typical dendritic-like phenotypc in 
response to certain inducers of differentiation (14). 
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As shown in Figure-3, morphological change, 
revealed by cell shape and dendritic-like extensions, 
became evident within 4-5 days (96 h) of exposure to 
nevirapine or efavirenz, compared to DM SO -treated 
controls. 

RT Enzymatic Activity Reduction in RCC 
Primary Cell Culture 

In a previous study we detected a functional 
RT activity in murine F9 cell line and in several hu- 
man cell line (6). To assess whether an endogenous RT 
is also functional in RCC cell culture, we tested the 
ability of cell-free lysates prepared from in vitro RCC 
cell culture (tissue derived primary culture), inhibitors 
treated and not treated (DMSO), to retrotranscribe 
purified MS2 phage RNA. Lysate aliquots from RCC 
cell line (DMSO), nevirapine treated RCC cell line 
and efavirenz treated RCC cell line were incubated 



with purified MS2 phage RNA. Incubation mixtures 
where then subjected to direct PCR amplification 
using MS2-specific oligonucleotide pairs to estab- 
lish whether MS2 cDNA molecules had been newly 
synthesized. As shown in Figure-4, a MS2-specific 
cDNA product of the expected size (1 12 bp) was 
retrotranscribed from the RNA template by RCC cell 
line lysates (lane 1 and 2). There was no difference 
between the RT activity in free RCC line cell culture 
and RCC cell culture in presence of 0. 1% DMSO. 

The 1 12 bp-long cDNA product was only 
obtained when cell lysates and phage RNA were in- 
cubated together, but not when RNA (lane 7) or lysate 
(lane 8) were omitted from incubation mixtures. 

Furthermore, we sought to establish whether 
RT activity was sensitive to inhibition by nevirapine 
and efavirenz. The mechanism of nevirapine action is 
well characterized and the binding site of the molecule 
maps a hydrophobic pocket of the RT p66 subunit, 
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Figure 4 - Functional assay of RT activity /mm m vim, RCC cell culture Ivsates and inhibition by ncvirapmc and efavirenz. Endog- 
enous RT activity was tested in vitro using MS 2 phage RNA as the template and lysates from RCC primary culture cell line (lane 1) and 
DMSO in vitro RCC cell culture (lane 2, 4 and 5). Endogenous RT activity was lesied in the absence (lane 1 and 2) or presence ofRT 
inhibitors tncvirapinc, lane 4. efa\ irenz. Line ft, Vi-gathv control? acre .h'/iv/iV/v ilcpletedofMS2 RNA (lane 7), cell lysate (lane X) 
or PGR primers (lane 9). A positive control for the reaction utilized commercial RT instead oj cell lysate (lane 10). 



near - though not overlapping with - the polymerase 
active site. 

Preincubation of cell lysates with nevirapine 
and efavirenz inhibited retrotrascription of the RNA 
template significantly, though not totally, as shown 
in Figure -4, lanes 4 and 5, respectively. These results 
indicate that an endogenous RT activity is biologically 
functional in RCC in vitro cell culture and is sensitive 
to inhibition by nevirapine and efavirenz. 



COMMENTS 

This work highlights two unexpected aspects 
of the human genome that have implications for can- 
cer: first, LINE L-l elements, derived from active 
retroposon sequences, described by Brouha and coll. 
(15), have been identified as active components of 
a mechanism involved in the control of cell differ- 
entiation and proliferation; second, pharmacological 
inhibition of the endogenous RT activity which they 
encode, can restore control of these traits in trans- 
formed cells. 



The RT inhibitors nevirapine and efavirenz, 
used in our study, share a common biochemical mech- 
anism of action by binding the hydrophobic pocket in 
the p66 of retroviral reverse transcriptase (HIV) of RT 
enzymes. Although originally designed to target the 
III V encoded RT, nevirapine was also able to inhibit 
the endogenous retro-transcriptase activity present in 
non infected cells (6) as shown in a highly sensitive 
in vitro assay (7). We also demonstrated that both 
drugs reduce proliferation of RCC primary cultures 
derived transformed cells, largely independent from 
cell death. Concomitant with this, RT inhibitors treat- 
ment induced a morphological transformation of the 
cells shape. The induction of morphological changes 
is rapid, different from phenotypic changes elicited 
by inhibitors of the telomerase-associated RT (TERT), 
which require an extensive treatment period which 
can be as long as 120 days (16). 

Cytokine therapies are used in treatment 
of metastatic renal cell carcinoma.. However, these 
new biological agents only provide clinical benefit 
to a small subset of patients and are associated with 
significant toxicity (2-4). Abetter understanding of the 



499 



New Therapeutic Approach in RCC 



molecular biology of RCC has identified the vascular 
endothelial growth factor and platelet-derived growth 
factor signaling pathways as rational targets for an- 
ticancer therapy. The multitargeted receptor tyrosine 
kinase inhibitors sunitinib and sorafenib have both 
demonstrated improved efficacy as second-line therapy 
in patients with RCC. Based on these partial results, 
the discovery of new antitumoral targets checked by 
antiretroviral agents could suggest the possibility of 
a synergic therapy against neoplastic proliferation. 
Therefore, nevirapine and efavirenz could produce a 
cytostatic effect permitting multikinases inhibitors to 
enhance their tumor regression activity. 

Together with growth reduction and induc- 
tion of partial differentiation, RT inhibition was 
responsible for the reprogramming of gene expres- 
sion: this implicates endogenous RT in modulation of 
expression for genes that promote the transition from 
highly proliferating, transformed phenotypes to low 
proliferating, differentiated phenotypes, suggesting 
that genome function could be the ultimate target of 
pharmaceutical inhibition of RT activity. 

In the present study, we analyzed the expres- 
sion of four genes, indicated as molecular biomark- 
ers in RCC cells: AFP, NNMT, CD70, FRA 2 and 
p2 1 KLIP 1 genes. 

CD70 gene is strongly down-regulated in 
treated RCC derived primary culture, as regards 
control of DMSO tumor cell culture, and this pattern 
is very similar to differentiated renal cells; although 
the role of this gene in cancer development and pro- 
gression remains unclear, the encoded protein (type 
If trans-membrane glycoprotein) seems to mediate 
the interaction between T and B-lymphocytes and the 
natural killer cell-activation; it is also implicated in 
processes like cell proliferation, cell to cell signaling 
and induction of apoptosis by binding to its receptor 
CD27 (17). In several studies, high expression of 
CD70 has been found in malignant lymphomas and 
nasopharyngeal tumors (1 8) and in all examined clear 
cell tumors, whereas no expression occurred in the 
related normal epithelial cells. 

Given that RCC can be considered as an im- 
munogenic tumor, it is tempting to speculate that a 
CD70 over-expression can be associated to a possible 
immuno-escape for clear cell RCC: a strong reduction 
in expression level after RT inhibitors could induce 



a reprogramming status where cell progression is ar- 
rested and the cell partially differentiated. 

The Fos protein FRA2 forms transcription 
factor complexes and has been described as a regulator 
of cell proliferation, differentiation and transformation 
and in some cases the expression of FOS gene has 
also been associated with apoptotic cell death (19). 
The mRNA expression pattern of FRA2 is differently 
regulated in treated and untreated cell culture: in the 
first case, the gene was up-regulated, while in the 
control sample the expression level was much lower. 

AFP gene encodes alpha-fetoprotein, a major 
plasma produced by the yolk sac and liver during fetal 
life. Alpha-fetoprotein expression in adults is often 
associated with hepatoma or teratoma. AFP mRNA 
is a more reliable marker of metastasis compared to 
serum AFP (20). 

p 27 KIP1 gene encodes a cyclin-dependent 
kinase inhibitor, which shares a limited similarity with 
CDK inhibitor CDKNIA/p21. The encodec protein 
binds to and prevents the activation of cyclin B-CDK2 
or cyclin D-CDK4 complexes, and thus controls the 
cell cycle progression at Gl . The degradation of this 
protein, which is triggered by its CDK dependent 
phosphorylation and subsequent ubiquitination by 
SCF complexes, is required for the cellular transition 
from quiescence to the proliferative state. 

Decreased p27 expression has been shown 
to be associated with aggressive tumor behavior and 
decreased patient survival in numerous human ma- 
lignancies (12). Expression level of p27 mRNA in 
treated renal carcinoma cells is strongly up-regulated 
demonstrating that cells could reverse to a quiescent 
condition, prior differentiation. 

Changes in gene expression are not inherited 
through cell division, but are reversible when RT inhi- 
bition is released (data not shown). I Tie reversibility of 
examined features after release of the inhibition sug- 
gest that L1N E-1 encoded RT is part of an epigenetic 
mechanism that can modulate gene expression and 
contributes to the molecular mechanisms underlying 
cell proliferation and differentiation. 

CONCLUSIONS 

The prospect of using RT inhibitors in RCC 
cancer therapy could have obvious advantages given 
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their resistance to many therapeutical approaches such 
as chemo-, radio- and immunotherapy. 

The finding of a stable inhibition of endog- 
enous reverse transcriptase activity in tumor or prolif- 
erative RCC cells opens the possibility for the involve- 
ment of retro-elements and retrotrasposon-sequences 
in the control of the proliferative process. In this study, 
we attempted to establish a new therapeutic approach 
to arrest in vitro cell growth in a RCC-derived primary 
cell culture as a possible useful application in cancer 
treatment. 
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Context: Two classes of repeated genomic elements, retrotrans- 
posons and endogenous retroviruses, encode for endogenous nonte- 
lomerie reverse transcriptases <KT), a gene that is down-regulated in 
differentiated cells but is highly expressed in embryonic and trans- 
formed tissues. Two nonnurU.nsidir KT inhibitors, efavirenz and ne- 
virapine, currently used in HIV treatment, reversibiy down-regulate 
tumor growth and induce different in lion in several human tumor cell 
models. 

Objectives: Aggressive biological behavior and loss of specific thy- 
roid cell functions, such as Ibyroglobulm, thyroid peroxidase, TSII 
receptor, Na/1 symporter expression, and iodine uptake are features 
of anaplastic thyroid cancer. Thus, we evaluated the use of KT in- 
hibitors as a potentially differentiating and molecular-t argeted treat- 
ment of this neoplasm. 

Results: Our findings showed that nevirapine and efavirenz revers- 



ibiy inhibil cell proliferation without triggering cell death in the 
undifferentiated thyroid carcinoma AltO and FRO cells, which ex- 
hibited high levels otendogonous KT act ivity. Inhibition of cell growth 
was correlated with accumulation of cells in the l\-/U, phase of the cell 
cycle, with a concomitant decrease in the S phase. Moreover, treated 
cells demonstrated a differentiated phenotype and a significant re- 
programming of gene expression characterized byup-regulationofthe 
TSH receptor, thyroglobulin, thyroid peroxidase, and Na/1 symporter 
genes. Interestingly, K I inhibition reestablished the ability to uptake 
iodine in response to TSH either in vitro or in vivo and reversibiy 
down-regulated tumor growth in mice xenografts of ARO cells. 

Conclusions: These findings support the need for clinical trials to 
clarify whether RT inhibitors may restore the sensitivity to radio- 
in- da bolic therapy in anaplastic thyroid t umors. (J Clin Endocrinol 
Metab 90: 5663-5671, 2005) 



RETROTRANSPOSABLE ELEMENTS, such as LINE, Alu, 
and endogenous retroviruses, make up at least 45% of 
human DNA (1). With the exception of Alu families, all other 
classes of retroelements are able to retrotranspose autono- 
mously, because all are endowed with a reverse transcriptase 
(KT)-coding gene (2). Several studio* suggest thai endogenous 
KT activity is associated with a variety of either physiological 
or pathological processes. RT-coding genes are expressed at 
very low levels in differentiated, nonpathological tissues (3-6), 
whereas they are up-regulated in embryonic arid undifferen- 
tiated tissues and in transformed cells (7-11). Together, these 
findings suggest a direct correlation between the level of ex- 
pression of RT and the proliferative activity of cells (12). 

We have recently observed that nevirapine and efavirenz, 
two nonnucleosidic RT inhibitors, widely employed in the 
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Abbreviations: DMSO, Dimeth ylsulfoxide; FITC, fluorescein isothio- 
cyanate; CAPDH, glyceraldehyde-3-phosphate dehydrogenase; IF, im- 
munofluorescence; NIS, Na/I symporter; RA, retinoic acid; RT, reverse 
transcriptase; rTSH, recombinant TSH; TPO, thyroid peroxidase. 
)CEM is published monthly by The Endocrine Society (http://www. 
endo-society.org), the foremost professional society serving the en- 



therapy of AIDS (13), inhibit endogenous RT activity in nor- 
mal and transformed mammalian cells of different histolog- 
ical origin (14) and induce a specific block in embryo devel- 
opment (15). Furthermore, either the down-regulation of the 
expression of RT -encoding LINE-1 elements by RNA inter- 
ference or the pharmacological inhibition of RT activity re- 
sults in a reversible decrease in the rate of cell growth as well 
as in the induction of cell differentiation in several human 
tumor cell lines (14, 16). RT inhibitors induce a significant 
reprogramming of gene expression that seems to be specific 
for each cell type and is responsible for the commitment of 
the cell to differentiate (16). Furthermore, in vivo efavirenz 
treatment significantly antagonized tumor growth in athy- 
mic xenografts of several human tumors (16). 

We investigated whether pharmacological modulation of en- 
dogenous RT activity may represent a novel approach in the 
treatment of undifferentiated thyroid cancer, which is often 
metastatic and is unable to concentrate radioactive iodine (17). 

Materials and Methods 

Cell cultures 

FRO, WRO, and ARO human thyroid carcinoma cells (18) were cul- 
tured in DMEM containing 10% fetal bovine serum, glutamine, and 
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of normal thyroid cells were obtained from normal noninfiltrated thy- 
roid gland collected during the surgical removal of a papillary thyroid 
unifocal carcinoma and processed as previously reported (19). Human 
recombinant TSH frTSH ) (Sigma Aldrich; was used at a concentration 
of 2 mil/ml (20). Nevirapine and efaviren/ were purified by Dr. An- 
tonello Mai (University "La Sapienza," Rome, Italy) from commercially 
available Viramune (Boehnngei li ; 1 ei.n In dheim, Germany) and 
Sustiva (Bristol-Myers Squibb, New York, NY) and dissolved in di- 
methy [sulfoxide (DMSO). Bom drugs, or the same volume of DMSO 
(0.2%, controls), were added to the cultures. Incubation wascarried out 
continuously; RT inhibitor-containing fresh medium was changed at 
48 -h intervals. Evaluation of the rate of cell growth, apoptosis, necrosis, 
and cell cycle analysis was performed as previously reported (16). 

Immunoblot analysis and RT activity assay 

Cells were lysed in cold lysis buffer [20 him Tris (pH 7.5) containing 
300 mtvi sucrose, 60 mM KCI, 15 rriM NaCI, 5% (vol/vol) glycerol, 2 mM 
tll \ I (vol /vol) Triton X 1 J 1 i 1 [1 i I tbl It 1 tin i 1 

2 mg/ml aprotinin, 2 mg/ml leupeptin and 0.2% (wt/vol) deoxy- 
cholate|. Protein i oncentration was quantified using the Bio-Kad protein 
assay kit (Bio-Rad Laboratories GmbH, Hercules, CA) according to the 
manufacturer's procedures. For thyroglobulin immunoprecipitation, 
equal amounts of proteins were rotated for 18 h at 4 C in the presence 
of 1 fig mouse monoclonal antithyroglobulin antibody (Sigma-Aldrich). 
Protein G-Sepharose (Amersham Pharmacia Biotech, Piscataway, NJ) 
was added, and the samples were rotated for an additional 2 h at 4 C. 
tmmunoprecipitated proteins were eluted by sample buffer. Equal 
amounts of proteins from cell lysates or immunoprecipitated proteins 
were resolved by 6% (wt/vol) SDS-PAGE, transferred to a nitrocellulose 
membrane (Hybond C; Amersham Pharmacia Biotech), and immuno- 
blotted, respectively, with a mouse monoclonal and thyroid peroxidase 
(TPO) antibody (Alexis Biochemicals, Berne, Switzerland) or a mouse 
monoclonal antithyroglobulin antibody (Sigma-Aldrich). Specific bands 
were revealed using the Enhanced Chermiuminescence (ECL) Plus 
Western Blotting Detection Kit (Amersham Pharmacia Biotech). RT ac- 
tivity was evaluated as previously reported (14). 

indirect immunofluorescence '11 ani amfoeai laser •vanmny 'oicrcsccp:/ 
Treated and untreated cells were fixed with 4% (wt/vol) paraformal- 
dehyde for 30 min and permeabilized hi 0.1% (vol/vol) Triton X-l 00 and 
0.1% (vol/vol) Tween 20 in PBS containing 5% (wt/vol) BSA (Sigma- 
Aldrich) for 1 h. F-actin staining was performed using fluorescein iso- 
thiocyanate (FITC)-conjugated phalloidin (Sigma-Aldrich). (F staining 
was performed using mouse monoclonal antibody against human thy 
roglobulin (Sigma-Aldrich), TPO (21), and Na/1 symporter (N1S) (22) 
and was revealed by FITC-conjugated IgG secondary antibody (Sigma 
Aldrich). Samples were imaged under a conlooal Nikon Eclipse TE 
2000-S microscope (Nikon, Melville, NY). The excitation and emission 
wavelengths were 4SS and 510 nm, respectively. 

RNA extraction and smlqmntttative am! red-time RT-PCR mwlysfe. Total 
KNA was extracted Using the Tri/ol reagent according to the manufac- 
turer's procedures (Invitrogen, Milan, Italy). For the first-strand syn- 
thesis of cDNA, 5 fig RNA were used in a 20-/al reaction mixture using 
a cDNA Superscript (II (Invitrogen) according to the supplier's instruc- 
tions. Oligonucleotide primers for semiquantitative and real-time PGR 
for TSH receptor, thyroglobulin, IPO, \ ! IS, /j-acrin, and glyceratdehyde- 
3-phosphate dehydrogenase (GAPDH) are shown in Table 1 . Primers for 
real-time PGR -a ere designed to be nitron spanning. For semiquantita- 
tive PCK, 1 fil cDNA mixture was withdrawn and amplified using the 
Taq Gold DNA Polymerase kit (Applied Biosystems, Milan, Italy) m a 
Gene AMP PCK System 9700 Thermal Cycler (Applied Biosystems). 
Reaction conditions were 94 C for 10 min, followed by 35 cycles of 30 
sec at 94 C, 30 sec at 54 C (NIS at 58 C), 5 min at 72 C, and 7 min at 72 
C. 0-Actin was chosen as internal control. For quantitative real-time 
PCK, 1 fil cDNA sample was amplified using the Platinum SYBR Green 
qPCK Supermix UDG (Invitrogen, Milan, Italy) in an iCycler iQ Real 
Time Detection System (Bio-Rad Laboratories GmbH). Reaction condi- 
tions were 50 C for 2 min, 95 C for 2 min, followed by 50 cycles of 15 
sec at 95 C, 30 sec at 56 C (TSHR at 54 C), 30 sec at 72 C. Absolute 
quantification was carried out against a standard curve performed by 



TABLE 1. Sequences of primers 



TSH receptor 

Semiquantitative PGR 
Sense 1411 1435 
Antisense 2010 202S 

Real-time PCR 
Sense 93-112 
Antisense 212-231 
Thyroglobulin 

Semiquantitative PCR 
Sense 2102 -2123 
Antisense 2787 2808 

TPO 

Semiquantitative PGR 
Sense 325 -34 • 



NIS 



Keal-ti 



e 725 



e PCR 



i rti : 



1742 1762 



Antisense 1821-1841 
GAPDII 
Real-time PCR 
Sense 180 197 
Antisense 250-269 
0-Actin 

Semiquantitative PGR 
Sense 1023 1041 
Antisense 1824-1842 



il human thyroid. GAPDH 



In tin < lit, i r'J 1 issrfy Iodine uptake assay was performed as re- 
ported by Schmutzler ct al. (20). ARO and FRO cells were incubated for 
10 d in the presence and absence of, respect i\ el v, 1 0 and 20 fiM efavirenz 
and 350 /am nevirapine, then harvested, counted, plated in 24-well 
plates, and further incubated for 48 h in the same conditions in the 
presence and absence of 2 mil /ml human rTSH. For the assay, the 
medium was removed and washed with 1 ml HBSS (137 mM NaCI, 5.4 
mM KCI, 1.3niMCaCl 2 ,0.4mM MgSO,,, 0.5 mM MgCl,,0.4mM Na^HPO^ 
0.44 mM KHsPOj, 5.55 mM glucose, 10 mM HEPES, pH 7.3). Cells were 
overlaid with HBSS containing 10 fiM Nal and carrier-free Na' ?5 l to give 
a specific activity of 20 niCi/mmol. To control the specific uptake, some 
of the reactions were supplemented with the NIS inhibitor NaCl0 4 (10 
fiM). After 30 min at 37 C in a humid atmosphere, cells were washed with 
ice-cold HBSS, and accumulated iodine w as extracted at -20 C with 1 ml 
ethanol. Ethanol extracts were counted in a Packard Cobra II Auto- y 
counter (PerkinElmer, Wellesley, MA). In parallel cell cultures, incu- 
bated in the same conditions, cells were harvested and counted in a 
Burker chamber (Sigma-Aldrich). Iodine uptake was normalized by cell 
numbers and expressed as . pi rod (Hull X) cells. Results represent the 
average (isn) of three experiments, each in quadruplicate. 

Till / » In i n t f i t i ; Mliymk 

nude 4-wk-old mice (Harlan. Milan. Italy! were kept in accordance with 
European community guidelines. Mice were imxulated sc in the lower 
back with ARO cells (1 X lOVmouse) suspended in PBS and treated as 
previously report ed (16). 1 ho analysis ol iodine accumulation in viva was 
performed as previously reported (23) Three v. eeks if tea" tumor implant, 
animals were injected im, twice every 24 h, with 0.3 fig of human rTSH. 
On the day after the last injection, 10 /aCi Na 125 l were delivered ip. 
Animals were killed 4, 24, and 48 h after Na 1 *\ injection; their tumor and 
organs were removed and weighed. Iodine uptake was measured in a 
Packard Cobra II A uto-y counter (Perkin Elmer), normalized by weight, 
and expressed as a ratio between tumor and thyroid radioactivity. 
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Results 

Human undifferentiated thyroid tumor cells exhibit high 
levels of RT activity 

The endogenous RT enzymatic activity was functionally 
tested in an RT-PCR in vitro assay (14) using cell lysates as 



template. Cell lysates obtained from either anaplastic ARO or 
poorly differentiated FRO thyroid tumor cells were able to 
reverse transcribe the MS2 phage RNA, obtaining a DNA 
band of the expected molecular weight (Fig. 1A). interest- 
ingly, anaplastic thyroid tumor ARO cells exhibited higher 
levels of endogenous RT activity than undifferentiated thy- 
a source of endogenous RT and purified MS2 phage RNA as roid tumor FRO cells, whereas differentiated thyroid tumor 
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Poorly Differentiated Thyroid Carcinoma FRO Cells 
C d 




« iirulniwiil iv;iddi!io;i 



Pus. 1 . A, Uiidifrer.>nliai«Hl thyroid lumor ARO and PRO cells exhibit high levels of endogenous RT activity. ARO. FRO, and WRO evils wore 
incubated in t tie- presence ol'D.\1S( K ;3 50 jiM novirapine (ARO NVR and PRO NVR) i.r 20 ,xM efavir riz (ARO I I \ m<l KRO I I \ Km! r ins 
RT activity was evaluated as reported in Ref. 14. In the positive control reaction, the cell extract was subst it.nl fid with commercial RT. B, RT 
inhibitors reversibly down-regulate cell prolit'eratioti in undifferentiated thyroid tumor ARO and FRO cells. ARO (a) and FRO (cj cells were 
plated in six-well plates, incubated in the presence and absence of, respeoti vely, 10 and 20 /an FPVnr if) the presence „f.iW H « NVR, harvesl.ed 
every 2d, and counted in a Burker chamber. I Jala are reported as absolute cell numbers. ARO' b) and FRO (d) eel Is were incubated in the presence 
and absence of, respectively, 10 and 20 m m EFV or in the presenc<- of H50 m m NVR and wen- cultured through three subsequent cycles of 96 h 
each. At the end of each cycle, cells were harvested, counted in a Burker chamber, and replated at equal densities. Afterward, protreat.od cells 
were incubated in the presence of the same concentrations of efavirenz and novirapine or in a drug-free medium for two additional 96-h cycles. 
Finally, cells were resupplemented with either drug for an additional cycle. Data are reported as percentage of control cells. 



5666 J Clin Endocrinol Metab, October 2005, 90U0>:5663-5671 



Landrisciiia et al. • RT Inhibitors in Human Anaplastic Thyroid Cancer 



WRO cells did not reveal detectable levels of RT activity. 
Moreover, the treatment of ARC) and FRO cells with 350 ,j m 
nevirapine and 20 ixm efaviren/ significantly down-regu- 
lated the levels of endogenous RT (Fig. 1A). These findings 
suggest that undifferentiated thyroid tumor cells are char- 
acterized by high levels of RT activity and that this activity 
is down-regulated in the presence of pharmacological inhib- 
itors of RT. 

RT inhibitors reversibly down-regulate the rate of cell 
growth in human undifferentiated thyroid tumor cells 
without inducing apoptosis or necrosis 

To reveal the rate of apoptosis and necrosis in ARO and 
FRO thyroid carcinoma exposed to RT inhibitors,, cells were 
incubated in the presence and absence of 5, 10, 20, and 40 u,m 
efaviren/, or 200, 350, and 500 /.<m nevirapine, harvested after 
72 h and stained with Hoechst 33258 and propidium iodate. 
We did not observe any increase in cell death in the presence 
of 1) 10 (xm efaviren/. in ARO cells., 2) 20 fxM efaviren/ in FRO 
cells, and 3) 350 jxm nevirapine in both cell lines. By contrast, 
a 15-20% and 5-10% induction, respectively, of apoptosis 
and necrosis were observed with higher doses of either drug. 
Of note, these noncytotoxic concentrations of efavirenz 
(10-20 ptM) and nevirapine (350 jam) are in the therapeutic 
range of both drugs (24). Thus, ARO and FRO thyroid tumor 
cells were cultured in the presence and absence of, respec- 
tively, 10 or 20 jam efavirenz or 350 <xm nevirapine, harvested 
every 2 d, and counted. As reported in Fig. IB, the growth 
rate of ARO (a) and FRO (c) cells was significantly inhibited 
by either drug. 

Furthermore, we addressed the question of whether RT- 
dependent inhibition of cell growth is reversible. Both cell 
lines were incubated in the presence and absence of either 
drug and cultured for three 96-h cycles. Cells were harvested 
every cycle, counted, and replated at equal densities. The 
continuous incubation of cells with either drug produced 
about 60-70% inhibition of the rate of cell proliferation (Fig. 
IB, b and d). Afterward, pretreated cells were incubated in 
the presence of either efavirenz or nevirapine or else in a 
drug-free medium. The withdrawal of RT inhibitors resulted 
in a prompt recovery of cell proliferation with a rate of cell 
growth similar to control cells. Moreover, the down-regula- 
tion of cell proliferation was reinduced when the same ARO 
and FRO cell cultures were resupplemented with RT inhib- 
itors (Fig. 1 B, b and d). These findings suggest that RT may 
be involved in the regulation of cell proliferation in undif- 
ferentiated thvroid cancer cells, 

if T inhibitors enhance the percentage of ARO and FRO cells 
in the G 0 -G, phase of cell cycle 

We further investigated the cell cycle distribution in thy- 
roid tumor cell lines treated with efavirenz and nevirapine. 
Both RT inhibitors induced a significant increase in the per- 
centage of cells in the C 0 -G x phase of the cell cycle from 39.3 ± 
0.9 in control ARO cells to 62.4 ± 2.8 and 65.9 ± 2.4 in ARO 
cells exposed, respectively, to nevirapine and efavirenz and 
from 32.9 ± 2.7 in control FRO cells to 46.9 ± 3.0 and 42.8 ± 
3.4, respectively, in nevirapine- and efavirenz-treated FRO 
cells. Moreover, we observed a parallel decrease in cells in the 



S phase from 50.2 ± 2.2 in control ARO cells to 23.2 ± 2.9 and 
25.8 ± 1.0 in ARO cells treated, respectively, with nevirapine 
and efavirenz and from 39.5 i 1.2 in control FRO cells to 
24.1 ± 2.3 and 22.6 ± 1.9 in FRO cells exposed, respectively, 
to nevirapine and efavirenz. Interestingly, the withdrawal of 
efavirenz and nevirapine from the cell culture for 4 d resulted 
in the loss of the C 0 -C, phase fraction accumulation. This 
observation suggests that down-regulation of RT activity 
correlates with the arrest of cells in the G 0 phase or with a 
delay in G,-S transition. 

RT inhibitors induce cell differentiation in human 
anaplastic thyroid tumor cells 

Thyroid tumor ARO cells exhibit several morphological 
features representative of anaplastic tumors, such as high 
proliferation rate and formation of cell clusters organized 
into multilayer populations, whereas the poorly differenti- 
ated thyroid carcinoma FRO cells are devoid of most of these 
features (Fig. 2). We questioned whether RT inhibition is able 
to revert the morphological features of anaplasia in ARO 
cells, as previously demonstrated in human melanoma and 
prostate carcinoma cells treated with RT inhibitors (16). 
Thus, ARO and FRO cells were incubated in the presence of 
DMSO or 350 jim nevirapine for 4 d, harvested, replated at 
high density, and further cultured for 2 d in the same con- 
ditions. Nevirapine treatment induced in anaplastic thyroid 



Anaplastic Thy into Carcinoma ARO Cells 
20* <«h F-ailln 




Pmn Iv Wiflcrt-RUafed Hij roid Carcinoma FRO Cell* 




Fiu, 2. Nevirapine iN\Kt > nurpholog 1 liffrrentiation in 
map! t 0 \ .id turn . diO II \h< land! la i Hswer ilttin ! 
in the presence of DMSO (Control) or 350 NVR for 4 d, harvested, 
counted, replated at high density in six-well plates, and further in- 
cubated in the same medium lor 2 d. Photographs were obtained by 
phase contrast microscopy using X20 and X40 objectives. F-actin 
staining was performed using FlTC-conjugatetl phalloidin and im- 
aged under a confocal Nikon microscope Bant, 20 jmn. 
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tumor ARO cells 1) a more flattened phenotype, 2) an in- 
crease in cell adhesion, and 3) restoration of monolayer cell 
growth with a significant reduction in cluster formation (Fig. 
2). By contrast, nevirapine induced only minimal morpho- 
logical changes in the poorly differentiated thyroid tumor 
FRO cell line, with the appearance of elongated dendritic 
extensions tightly adherent to the substrate (Fig. 2). Similar 
results were obtained when the same cell lines were treated 
with efavirenz (data not shown). These morphological 
changes suggest that RT inhibitors may induce cell differ- 
entiation in anaplastic thyroid tumor cells. 



We further investigated the RT-dependent differentiation 
of thyroid tumor cell lines by analyzing specific products of 
differentiated thyrocytes. Thus, ARO and FRO cells were 
exposed to efavirenz and nevirapine for 10 d, stained with 
antithyroglobulin and anti-TPO antibodies, and analyzed by 
indirect IF. As reported in Fig. 3A, IF analysis demonstrated 
undetectable expression of thyroglobulin in both ARO and 
FRO control cells. By contrast, exposure to efavirenz or ne- 
virapine resulted in a significant increase in thyroglobulin 
levels. Consistently, ARO and FRO untreated cells exhibited 
undetectable levels of TPO, whereas the exposure of ARO 
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n undifferentiated thyroid tumor ARO and PRO cells. A, ARO and 
of DM SO (Control;, efavirenz, or nevirapine for 10 d. fixed, penneabili/od, and stained by a n 
•globulin tTgior human TP< ). Specific signal was revealed by PlTC-conjugated IgG secondary atitibody 
mi I . B \RO ind PRO e-lls vver inrubat d in th< j re nc f DM ><i ml f t ir tw I 1 \ i 
I lysatos or irnmunoprocipifated proteins were separated by •>"' SDS-PAGE and immunoblotted, 
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lefor 4d, stimulated with 2 tnU/ml tinman rTSH iu I hepreseno ■ of either drug, fixed, permoabilized, and stained 
i IS. Specific si II i ii 1 I - 
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and FRO cells to efavirenz or nevirapine induced a signifi- 
cant increase in the expression of TPO. Furthermore, TPO 
immunoblot analysis exhibited the expected 110-kDaband in 
ARO and FRO cells treated with either efavirenz or nevi- 
rapine for 10 d, but not in DMSO-treated controls (Fig. 3B). 
Similarly, thyroglobulin immunoprecipitation from ARO 
and FRO cells revealed a strong up-regulation of the ex- 
pected 330-kDa band in cells exposed to efavirenz and ne- 
virapine for 10 d (Fig. 3B). These results suggest that RT 
inhibitors can facilitate the onset of cell differentiation in 
undifferentiated thyroid tumor cell lines, as thyroglobulin 
and TPO genes are highly expressed by normal thyroid cells 
and thyroid differentiated tumors but not by anaplastic thy- 
roid carcinoma cells (25). 

RT inhibitors induce the expression of TSH receptors and 
restore the ability of TSH to up-regulate NIS expression in 
anaplastic thyroid tumors 

It is well known that anaplastic thyroid tumors are char- 
acterized by reduced or absent expression of TSH receptors 
as well as reduced signal transduction after receptor activa- 
tion (17). Thus, we questioned whether the cell differentia- 
tion obtained by pharmacological inhibition of RT was cor- 
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related with the up-regulation of TSH receptor gene 
expression. This was investigated by semiquantitative RT- 
PCR in cultures of anaplastic thyroid carcinoma ARO cells 
exposed to either 350 /am nevirapine or 10 /am efavirenz for 
24 and 48 h. We observed that 48-h exposure to nevirapine 
or efavirenz induced a significant up-regulation of TSH re- 
ceptor gene expression (Fig. 4A). In parallel, we also evalu- 
ated the expression of thyroglobulin and TPO genes and 
observed that the expression of either gene is strongly in- 
duced in nevirapine- and efavirenz-treated ARO cells. In- 
terestingly, the up-regulation of either gene occurred within 
48 h of exposure to nevirapine or efavirenz, as observed for 
the TSH receptor gene (Fig. 4A). 

It is also well established that normal thyroid cells and 
differentiated thyroid tumors are able to accumulate iodine 
due to the expression of NIS, a gene under the control of TSH 
receptor signaling (25), whereas poorly differentiated and 
anaplastic thyroid tumors are devoid of NIS expression (17, 
25). Because RT inhibitors induce differentiation in anaplas- 
tic thyroid tumor cell lines by restoring expression of the TSH 
receptor, we further questioned whether efavirenz and ne- 
virapine are able to up-regulate NIS expression in a TSH- 
dependent manner. Therefore, ARO cells were exposed to 
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Fit; 1 RT inhibitors up-rvg.il.tU- TS1 1 receptor and NIS 
gene expression ami roster.- TSH signaling in anaplastic 
thyroid carcinoma ARO cells. A, Total RNA was extracted 
from A HO cells incubated for 24 and 48 li m the presence 
and absence of 35(1 mm nevirapine (NVR) or 10 /am efavirenz 
(EFV) and amplified ' . - miqu intil iti i RT-PCR, using 
primers specific for TSH receptor (TSHR), thyroglobulin, 
and TPO genes. |3-Actin was used as internal standard. B, 
ARO cells were incubated for 96 h in the presence and 
absence of 350 /am NVR or 10 /am EFV and then stimulated 
with 2 mU/ml human rTSIl in the presence of either drug. 
Total RNA was it i i 1' miqnantitative RT-PCR us- 
ing primers specific for the NIS gene. 0, Total RNA was 
extracted either from ARO cells, exposed to 350 mM NVR or 
10 ,iM EFV in the presence and absence of rTSIl, or from 
norma! thyrocytes and amplified by real time RT-PCR, us- 
ing primers specific for the TSHR and NIS genes. GAPDH 
was used as internal standard. Gene expression was ex- 
pressed as ii percentage id" thai observed in normal thyro- 
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either RT inhibitor for 4 d and then were further stimulated 
by TSH in the presence and absence of either drug for another 
2 d. As reported in Fig. 4B, ARO cells expressed negligible 
levels of NIS mRNA and were not able to up-regulate the N1S 
gene in response to TSH. Interestingly, the basal expression 
of NIS was not influenced by either RT inhibitor, whereas it 
was significantly induced by TSH in nevirapine- and efa- 
virenz-pretreated cells. Of note, a similar RT-dependent in- 
duction of TSH receptor, NIS, thyroglobulin, and TPO genes 
was also observed in FRO cells (data not shown). Consis- 
tently, IF analysis with anti-NTS antibodies in ARO and FRO 
cells revealed that only cells exposed to nevirapine or efa- 
virenz, and not control cells, were able to up-regulate NIS 
protein levels in response to TSH (Fig. 3C). These data sug- 
gest that RT inhibitors are able to induce a specific repro- 
gramming of gene expression in anaplastic thyroid carci- 
noma cells, resulting in the reestablishment of TSH signaling. 

To compare the levels of expression of these thyroid- 
specific genes in redifferentiated ARO tumor cells with the 
constitutive levels of expression of the same genes in normal 
thyroid cells, real-time PCR was used to evaluate the ex- 
pression of the TSH receptor gene in cells exposed to efa- 
virenz, nevirapine, or DMSO for 48 h and the expression of 
the NIS gene in cells treated with nevirapine or efavirenz for 
4 d and further stimulated with TSH for 2 d. Primary cultures 
of human thyrocytes were used as controls. We observed 
that, in comparison to control ARO cells, nevirapine and 
efavirenz up-regulated the TSH receptor, respectively, 7.4 
and 5.8 times. Similarly, TSH was able to induce NIS ex- 
pression in nevirapine- and efavirenz-pretreated cells by, 
respectively, 58.5 and 121.1 times in comparison with ARO 
control cells stimulated with TSH. Furthermore, the nevi- 
rapine- and efavirenz-induced up-regulation of the TSH re- 
ceptor was, respectively, 74.1 and 58.1% of that observed in 
human thyrocytes, whereas the induction of NIS expression 
was, respectively, 15.2 and 31.5% of that observed in normal 
thyroid cells. 

RT inhibitors restore the ability to accumulate radioactive 
iodine in human undifferentiated thyroid tumors 

Because NIS is responsible for iodine uptake in response 
to TSH stimulation in thyroid cells (25), we evaluated 
whether ARO and FRO cells treated with RT inhibitors ac- 
quire the ability to accumulate radioactive iodine. Cells were 
exposed to RT inhibitors for 10 d, stimulated for 48 h with 
TSH to obtain the induction of the NIS gene, and further 
incubated in the presence of radioactive iodine. Primary cul- 
tures of normal thyroid cells were used as controls. ARO and 
FRO control cells exhibited minimal ability to accumulate 
iodine in response to TSH stimulation. Interestingly, the pre- 
treatment of cells with efavirenz and nevirapine elicited a 
strong increase in iodine uptake in response to TSH (Fig. 5A). 
If iodine uptake was compared with the respective unstimu- 
lated controls, efavirenz treatment increased iodine uptake 
by about 16-17 times in ARO cells and 10 times in FROcells, 
whereas nevirapine elicited a more marked increase — about 
26-27 times in ARO cells and 40 times in FRO cells. The 
efavirenz- and nevirapine-dependent up-regulation of TSH- 
stimulated iodine uptake was sensitive to the NIS inhibitor, 



sodium perchlorate (Fig. 5A). Of note, TSH stimulation 
strongly up-regulated iodine uptake in normal thyroid cells, 
and this induction was about 3.8 times higher than that 
elicited by TSH in nevirapine-treated FRO cells (Fig. 5A). 
This ability of RT inhibitors to restore iodine uptake in ana- 
plastic thyroid tumor cells suggests that the RT-dependent 
reprogramming of gene expression is able to regulate func- 
tions that are typical of differentiated cells. 

RT inhibitors down-regulate tumor growth and induce, 
iodine accumulation in mouse xenografts of ARO cell lines 

Because ARO cells are well known to be highly tumori- 
genic in host animals (26), we evaluated the ability of efa- 
virenz to inhibit thyroid tumor growth and induce iodine 
uptake in vivo. After inoculation of ARO cells in athymic 
mice, the animals were subjected to anti-RT treatment with 
efavirenz, and tumor size was determined every other day. 
Animals were treated by sc injection of efavirenz (20 mg per 
kilogram of body weight; 5 d/wk), starting one day after 
tumor inoculation (16). A 50% reduction in the growth rate 
was recorded in efavirenz-treated mice compared with un- 
treated tumors (Fig. 5B). We also evaluated AROcell-derived 
tumor growth in animals treated with efavirenz starting 1 d 
after the inoculation, but discontinuing the treatment after 
14 d. In agreement with the results obtained in vitro, these 
experiments showed that inhibition of RT-dependent tumor 
growth is reversible in vivo, as it is resumed in inoculated 
animals in which the drug treatment was interrupted (Fig. 
5B). These data indicate that RT inhibition reversibly antag- 
onizes the growth of anaplastic thyroid tumors in vivo. 

To evaluate iodine accumulation in ARO cells implanted 
in athymic mice, animals were continuously treated with 
DMSO or efavirenz for 3 wk, stimulated with human rTSH, 
and then injected with Na 125 I. Iodine uptake in tumors was 
analyzed 4, 24, and 48 h later and was expressed as the ratio 
between tumor and thyroid radioactivity. As reported in Fig, 
5C, efavirenz-treated tumors exhibited a progressive in- 
crease in the ratio of iodine accumulation between tumor and 
thyroid that was maximal 48 h after radioactive iodine in- 
jection, while control tumors exhibited a constant low level 
of iodine accumulation. This ability of RT inhibitors to restore 
iodine uptake in anaplastic thyroid tumors both in vitro and 
in vivo suggests that these drugs may tentatively be used to 
enhance the sensitivity to radiometabolic therapy in humans. 

Discussion 

In thyroid epithelial carcinomas, differentiation refers to 
the maintenance of cellular functions that are characteristic 
of normal thyroid follicular cells. Moreover, the degree of 
differentiation among thyroid tumors determines the likeli- 
hood of a beneficial response to therapeutic options that take 
advantage of thyroid-specific processes, such as iodine up- 
take and organification. Differentiated thyroid tumor cells 
express cell membrane receptors for TSH with active trans- 
duction machinery that stimulates progression through the 
cell cycle, elaboration of thyroglobulin, and both production 
and membrane-targeting of NIS. This provides the rationale 
for transient stimulation of thyroid tumors with rTSH to 
induce 131 1 delivery to malignant cells for both diagnostic and 
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Pig. n. RT inhibitors restore iodine uptake in undifferentiated thy- 
roid t umor cells eit Iter in vitro or in vivo and down-regulate the growth 
of anaplastic thyroid tumor xenografts in atliymic mice. A, ARO and 
PRO cells were incubated in t he presence and absence of, respectively, 
10 and 20 uv EFV or in the presence of :tr,0 M M MVR for 10 d and were 
then harvested, counted, plated in 24-well plates, and further incu- 
bated in the same renditions m ihe presenile and absence of 2 ml I/ml 
human rTSH for 48 h. Primary cultures of human thyroiiytos were 
used as posit ive conl rols and incubated in i tie presence and absence 
of 2 ml .7ml human rTSH tor 48 h. For the assay, the medium was 
removed and incubated in 1 1BSS containing 10 /xM Nal and carrier- 
free Na 126 l. Sonic of the reactions received this assay buffer, supple- 
mented with 1 be N1S inhibitor NaOK >.,, lo ceil rol I be specific up! ake. 
Accumulated iodine was extracted with ethanol at - 20 0 and counted 
in a gamma counter. Results are normalized by cell numbers and are 
expressed as counts per minute per 100,000 cells. B, ARO cells were 
inoculated in athymic mice and injected 5 d/wk with 20 mg/kg EFV 
starting 1 d after tumor xenografts (open squares) or with DMSO 
(closed squares). In a group of animals, the treatment was discontinued 



therapeutic purposes (17). The ability to treat metastatic dis- 
ease with radioactive iodine is unique to thyroid cancer with 
sufficient expression of NIS (27). Poorly differentiated and 
anaplastic thyroid tumors are devoid of these cellular func- 
tions and are characterized by an aggressive biological be- 
havior, short clinical doubling time, and invariably meta- 
static dissemination. The loss of thyroid-specific functions 
impedes both diagnostic and therapeutic efforts, due to the 
tumors' inability to express NIS and concentrate radioactive 
iodine. Dedifferentiation may result in the diminished ex- 
pression of TSH receptors as well as diminished signal trans- 
duction after receptor activation. It appears likely that some 
of these changes that characterize the dedifferentiation of 
thyroid tumors, particularly epigenetic changes, may be re- 
versible (17, 28). 

The data reported in this study demonstrate that, in un- 
differentiated thyroid tumors, RT inhibitors produce 1) a 
reversible down-regulation of cell proliferation in vitro, 2) a 
reversible inhibition of tumor growth in mice xenografts, 3) 
an induction of cell differentiation, and 4) a reestablishment 
of TSH signaling and iodine uptake in vitro and in vivo. It is 
noteworthy that pharmacological agents are able to induce 
either cell differentiation and NIS expression or radioactive 
iodine uptake in undifferentiated thyroid tumors. Interest- 
ingly, besides normal thyroid cells and differentiated thyroid 
tumors, several other tissues express NIS at low levels, but 
this appears to be insufficient to retain radioiodine within the 
tumor cells long enough to deliver tumoricidal radiation 
doses, as shown by NIS transfection studies (29). Retention 
requires the organification of iodine, mediated by TPO (17). 
Thyroid TPO expression is diminished by malignant trans- 
formation (30) and may account for the rapid loss of accu- 
mulated radioiodine, which is probably responsible for some 
treatment failures (31). Retinoic acid (RA) was one of the 
earliest compounds tested in undifferentiated thyroid tu- 
mors with the aim of facilitating iodine uptake. Indeed, RA 
elicited a strong up-regulation of NIS expression in ARO cells 
but failed to induce iodine uptake in vitro and in vivo (20, 32). 
Moreover, anaplastic thyroid tumor cell lines are devoid of 
RA receptor fi, which is likely responsible for the differen- 
tiating and antiproliferative activity of RA in differentiated 
thyroid tumor cells (33). Recently, histone deacetylase in- 
hibitors have been demonstrated to induce the expression of 
thyroid specific genes and induce radioiodine accumulation 
in anaplastic thyroid tumor cells (23). 

The ability of RT inhibitors to reestablish functional TSH 
signaling by simultaneously inducing the expression of TSH 
receptor, thyroglobulin, and TPO genes and the ability to 
respond to TSH stimulation with the up-regulation of NIS 
expression and iodine uptake is, to our knowledge, the first 
evidence that the pharmacological inhibition of RT activity 



14 d after tumor injection (open triangles). Tumor growth was mon- 
itored by caliper measurements and reported as tumor volumes. 0, 
M ice xenogra fts of ARC) cells were continuously I real ed with 20 mg/kg 
EFV for 3 wk, st.inmlai.ed twice wil h 0 % fb'inna rTSH every 24 h 
on the day after the last injection, 10 /xCi Na !2 "l was delivered ip. 
Animals were killed 4, 24, and 48 h after radioactive iodine injection; 
iodine uptake was measured in tumors and organs, normalized by 
weight., and expressed as a ratio between tumor and thyroid radio- 
activity. 
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is able to induce a substantial reprogramming of cell fate in 
undifferentiated human tumor cells and restore functions 
that are typical of differentiated cells. Thus these findings 
support the hypothesis that endogenous RT may represent 
a functional "marker" of the cellular machinery associated 
with high proliferation and loss of differentiation. Finally, 
inhibition of RT in undifferentiated thyroid tumors may be 
a novel molecular-targeted differentiating treatment that 
may be tentatively used to restore sensitivity to radiometa- 
bolic therapy. Thus, specifically designed clinical trials are 
needed to evaluate this hypothesis. 
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